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COMPOUNDS FOR REDUCING ISCHEMIA/REPERFUSION INJURY 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates to con^)Ositions for and methods of reducing and 
eliminating injuries to organs and skeletal tissues subjected to ischemic episodes. The 
invention also relates to organ transplants, and to preconditioning and preservation of 
1 0 organ transplants. The invention relates particularly to compoations useful for Umiting 
free radical iiyury to such organs and tissues from ischemic episodes. 

Background Art 

1 5 Ischemic insult, Le. , the localized defidoicy of o^^gen to an organ or skdetal 

tissue, is a common and important problem in many clinical conditions. The problem is 
especially acute in organ transplant operations in which a harvested organ is removed 
from a body, isolated from a blood source, and thereby deprived of oxygen and nutrients 
for an extended period of time. Ischemic insult also occurs in certain clinical conditions 

20 such as ackle cell anemia and septic shock which may result from hypotension or organ 
disfunction. Depending on the duration of the insult, the ischemia can disturb cellular 
metabolism and ion gradients, and ultimately cause ureversible cellular injury and death. 

Reactive oxygen species are natural but undesirable byproducts of celhilar 
25 metabolic processes in different subcellular compartments and membranes. These 
radicals are highly reactive and destructive to cell tissue because of the presMice of 
unpaired electrons. These free radical reactive oxygen species include, for example, O^, 
OH\ HjOj, NO, and ONOO". In normal systems, injury from these reactive species is 
prevented or minimized by radical scaveng^ systems, including enzymatic systems 
30 such as catalase, CuZn-superoxide dismutase, Mn-supo^oxide dismutase, and 
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glutathione peroxidase. Non-enzymatic radical scaven^ng systems are also present in 
metabolic processes, such as glutathione, vitanriin E, and carotene. 

Reactive oxygen species reportedly are formed at a greater rate than they can be 
5 scavenged by natural radical scaven^ng systems when blood is reperfused to an area 
previously exposed to ischemia. The ischemia/reperfiision also has been reported to 
cause down regulation of antioxidant enzymatic defenses. As a result of these reports, 
researchers have incriminated reactive oxygen species as a prindpal component of the 
pathology which causes cellular injury as a result of ischemic insult. 

10 

The events that cause reactive oxygen species to be produced faster than they 
can be scavenged by radical scavenging systems following an ischemic episode are not 
well-understood. The damage caused by these reactive oxygen species has, however, 
been well docum^ited, and includes increases in intracellular calcium, lipolysis, 
1 5 production of free fatty acids and bioactive aradiidonic acid metabolites, proteolysis and 
decreases in levels of cellular phospholipids. 

Ischemia is also associated with various clinical conditions, such as septic shock, 
that do not involve discreet reperfusive episodes. Septic shock as a result of 

20 hypotension and organ dysfunction in response to infectious sepsis is one of the major 
causes of death. The manifestations of sepsis include those related to the systemic 
response to infection (tachycardia, tachypnea alterations in temperature and 
leukocytosis) and those related to organ-system' dysfunction (cardiovascular, 
respiratory, renal, hepatic and hematologic abnormalities). Lipopolysaccharide (LPS) of 

25 gram-negative bacteria is considered to be the most important exogenous mediator of 
acute inflammatory response to septic shock. The LPS or endotoxin released from 
outer membrane of gram negative bacteria results in the release of cytokines and other 
cellular mediators including tumor nectrosis fector a (TNFa), interIeukin-1 (IJ-1), 
interleukin-6 (liS) and thromboxane A2. Extreme levels of these mediators are known 
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to trigger many pathological events including fever, shock, intravascular coagulation 
leading to ischemia and organ failure. 

Sickle cell anemia is another condition associated with isch^a. Sickle cell 
5 anemia is a classical phenotype of herediatry hemoglobinopathy with hemoglobin S 
instead of normal hemoglobin A. Sickle cell anemia is associated with hypoxia because 
of decreased oj^gen tension with hemoglobin S. This condition leads to systemic 
hypoxic condition. The viscosity of deoxygenated blood is related to proportion of 
sickled red cells, capillary stasis and pain crisis. 

10 

Researchers have proposed various compounds for minimizing ischemic insuh 
foUomng reperfiision. Some, such as deferoxamine, allopurinol, catalase, and 
peroxidase, are reportedly capable of counteracting free radical production. Others, 
such as superoxide dismutase, are reportedly capable of destroying these radicals. Still 
1 5 others, such as vitamin E and molecules bearing thiol groups such as N-acetyl cysteine 
(**NAC") and reduced glutathione, are reportedly enable of neutralizing the free 
radicals. See, fcg« U.S. Patent No. 5.498,427. 

WO 88/05044 discloses the use of nitric oxide compounds for the prophylaxis 
20 and treatment of ischemic cell damage during perfusion, preservation, and reperfii^on of 
organs in cases of cardiople^a or organ transplantations. The nitric oxides are 
preferably employed as stable free radicals in their reduced form. U.S. Patent No. 
4,877,810 discloses the use of the Trolox daivative of >ataniin E, instead of superoxide 
dismutase ("SOD"), for preventing heart tissue daniage upon reperfiision following 
25 cardiovascular surgery, including heart transplants. All these th^apeutic approaches 
have beoi less than ideal in preventing ischemia/reperfiision injury. Therefore, there 
exists a need for better means of combating ischemia reperfiision ii^ury to tissues and 
organs. There also exists a need for a better means of combatting ischemia caused by 
diseases and other conditions that are not associated with discreet reperfiistve episodes, 
30 such as occur in organ transplants. 
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SUMMARY OF THE INVENTION 

The present invenrion provides suipriaingly effective combination^ of NO 
donors, inhibitors of iNOS induction, and endopeptidase inhibitors for combating injury 
5 induced by ischemic conditions, and repeifiision foQowing such ischemia.; Isehemic 
iiguiy. as detennined by moiphological examination and evahiated by oeitain critical 
ceDuIar fijuctions, was substantially dhmnated by treatment with the combinations prior 
to ischemic insult In contrast, the moiphology and cdlular fiinctioning cif control 
organs treated by only one compound of the combination declined continjjously and 
10 substantially afto- the reperfiiaon of the organs. 

Additional advantages of the invention will be set forth m part m lihe description 
wluch follows, and in pan will be obvious from the descr^on, or may bf learned by 
P«eti«o of the invention. The advantages ofthe invention wiU be realize^ and attained 
15 by means ofthceleawnte and combinations particularly pointed out in the appended 
daims. It is to be understood that boththe foregoing general description|and the 
Mofwiog detailed desoqjtion are exeoq)laiy and eiqplaaatoiy only and 8r<^ 
of the invention^ as daimed 

20 BRIEFBESCaapnON OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a part of 
this specification, inustrate several embodiments of the invention and together with the 
description, serve to explain the princ^lcs of the invaxtion. 

25 

Figure 1 diows the levels of setum creatinine, urea nitrogen, lactate 
dehydrogenase and lipid peroxide m plasma, and antioxidant enzymes (catalaae, CuZn 
SOD, Mh SOD and glutathione peroxidase) m kidneys, of animals sutjected to 60 
mnujtesoflocalized ischemia, measured at 24 and 96 hours after repeifiision^ Three 
30 sets ofaninaals are represented: a)contrd animals not sulqectod to iac^^ 
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mals that were treated with NAC prior lo the onset of ischemia; and (3) apimals that 
were not treated with NAC before the onact of ischemia- 

Hgure 2 shows the levels of senim creatimne and blood urea xutrogea in 
5 blood of animals with a Iddney subjected to 75 minutes of localized ischcipifl, measured 
each day for ten days after rcperfiision. Two sets of animals are represented: (1) animals 
that were not treated with any dmgs before the onset of isAemia; and (2> animals that 
were treated with NAC before the onset of ischemiii 


10 


Figure 3 shows the survival rates of ammals solgected to 75 nunmjM of ischemia, 
as plotted against the days following reperfimon. The two sets of animal^ represented 
in Figure 2 are again represented 


Figure 4 shows the levels of serum creatinine and blood urea nitrogen m the 
15 blood of animals subjected to 90 nunxxtea of localized ischemia^ measured padx day for 
fimrteendaysafkcrrcpetfiiaon. Five s^ofanimals are represented: (l)<}ontrol animals 
Ibat were not subjected to ischeoua; (2) ammals that were not treated be&^re the onset of 
ischemia: Q) ainmals that v/exe tregted with MAT^ p^ftgphAramMnn (P) t^^A ^A^im 
mtropnisdde (SNP) oefore die onset of t<ritf>piifl; (4) ammab that were treated vnth 
20 NAC and sodium nitroprusgde before the nn^^ y<ichan?^: anim^lg that were 

treated with NAC before the onset of ischeoua. 

Figure 5 shows the survival rates of animals subjeaed to 90 nnnut^ of ischemia, 
Psptottedagamstths daysfbUowingrepcrfiisw The five sets ofanimals represented in 
25 Kgure 4 are again represented. 

OEIAIIJS DESCIUFnON OF THE INV^^ 

B eforc the present compoations and methods are disdosed aiKi dc^oibed, it is 
30 tobcunderstoodthatthisinveationisnotlimited to specif 
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phannaceutical carriers, or to particular pharmaceutical formulatioiis or ajdnunistration 
regimens^ as such may, of coiirse, vaiy. It is also to be understood that t^ terminology 
used herdn is for the purpose of describing particular embodiments only ^ is not 
intended to be limiting. 

5 

As used throughout this specification and the daims, the fcSlowin^ terms have 
the following meanings: 

^Iscbeana" means a temporary or prolonged lack or reduction of pxygisn supply 
10 to an organ or skdetal tissue. Ischemia can be induced when an organ is .transplanted, 
or by conditions such as sep6c shock and sidde ceU anenna, 

''Organ*' means a part of a mammalian sutject composed of sever^ tissues and 
adapted to perform a spedfic fimction or fimctioos. Representative orga^is indude, but 
15 are not limited to, the heart, Iddney, fiver, pancreas and brain. 

^Sloeletaltiisue'' means the substance of anorgamc body of &sk6|etal ocg&niam 
consisting of cdls and intercdlular matflrial, inchidins but not Bmked to qnthpfium, the 
connective tissues Cnfchtdin g blood, bone and cartilageX muscle tissue; a4d nenre tissue, 

20 

^Ischemic msulf means damage to an organ or skdetal tissue catised by 
isdiemia. 

"Oxidative stress** oteans the stress caused to an org&n or skeletal ^tissue by 
25 abnormal amounts of reactive oxygen ^edes which indude, for example; Ox*, OIT, 
HjOjf NO, and 0N00\ Oxid^ive stress can thus arise from any condrtipa in which 
abnormal amounts of reactive OT^gen q>edes are generated, ^tkIv^i^s isdienua and 
inflammatory diseases. 

30 •^ubjcct^ means any Irvii^ ot]ganisiQ, induding tMimatw^ tquf mamtnals. 
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"A" means one or more, depending upon the context in vMch it used. 

"Contacting the tissue** with a drug, ^en used in dus ^plication, means to 
bring die dmg into cozitact with the tissue by administering the dnxg. ThijiSy for example, 
5 one can contact atissue with a dmg by pareoterally injecting the drug into or near the 
tissue, by ingesting die drug and allowing the drug to reach the tissue through metabolic 
pathways, or by phy^cally immersng the tissue in a sohition containing t|ie dmg. 

Ibe mvention provides a method for minimiring ischemic msult tcf an organ or 
10 skeletal tissue exposed to ischemia. The method inchides the steps of: cqntacdr^ the 
organ or skeletal tissue with an inhibitor of inducible nitric oxide synthase (iNOS) 
iiiduction, and a nitric oxide C^O") donor; either sequmtially, simultaneously or 
seperatei^. The method may optionally include the step of administering to the organ or 
skeletal tissue an endopeptidase inhibitor 

15 

In aiiodt^einbodiment the method includes the steps o£ contactjr^ theorgan 
or flkflletal tissue wbk an inhiUtor of iNOS induedoa and an cndop^tidaie inhibitor; 
eaiher sequenfially> a m u lt a nfio i T fliy or seperetdy. The oMthodm^opdoifally include the 
step of adoumsteiinglo die organ or skeletal tissue si NO donor 

20 

The method nunimizes the insult associated with isciicaua«repa&^on and 
particularly prevents injury assodated vdth the exces^e presence of reactive ox/gen 
spedes and down regulation of antioxidant eaaymes. The method may b$ used when 
various ^es of surgery are carried out, includirig heart surgery, vessd rcjconstruction, 
25 and transplantation of organs. The method similarty can be utilized in acute resus- 
dtation cases such as cardiac arrest and oih& conditions involving drcul^ry collapse. 
The method also be employed upon occurrence of various types of tratunas in the 
central nenoius system, cerebral hononfaage, stroke, sub-arachnoid hemorrhage, and 
intraoanial vascular surgery ^wdiere tenaporary ocduaon of bl^ 

30 
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The method may also be used vihetc tsdiemic conditions in, e.g., the heart, 
kidney, intestines, liver and skeletal tis^e, are induced by shodc, trauma, embolisms and 
infarctions. The method also has therapeutic value in treating conditions that induce 
various levels of ischemia, ^ch as septic shock and sickle cell anemia. 

5 

Compounds that inhibit the induction of inducible nitric oxide synthase 
("inhibitors of iNOS induction"") include lovastatin, mevastatin, and other compounds 
that can activate protein kinase A (*'PKA**) activity. A particularly suitable inhibitor of 
iNOS induction is N-acetyl-cysteine. 

10 

Some NO donors that may be employed in the invention are set forth in 
Holtman, J.L,. Spin Labeling in Pharmacology, pp. 1-85 (Academic Press 1984), and 
WO 88/05044, the contents of each being hereby incorporated by this reference, 
although any compound that under physiological conditions liberates NO is suitable. A 
1 5 particularly suitable NO donor for practicing the invention is N-nitroso-N- 

acetylpmctllamine ("SNAP**). Another particularly suitable NO donor for practicing the 
invention is sodium nitroprusside. 

Suitable endopeptidase inhibitors include compounds such as phosphoramidon. 

20 Phosphoramidon is an inhibitor of Endothelin Converting Enzyme (**ECE'*) which, 
because it inhibits ECE, also blocks the natural production of potent vasoconstrictors 
such as endothelin- 1 from big endothelin in endothelial cells. Phosphoramidon has 
proven especially and suprisingly effective at preventing and minimizing isdiemic insult 
to organs and skeletal tissue when administered along with an mhibitor of iNOS 

25 induction such as N-acetyl-cysteine. The use of «idopeptidase inhibitors in conjunction 
with both an inhibitor of iNOS induction and NO donor has proven especially eflfective 
for combating ischenuc insult. 


8 


wo 98/34626 PCT/US98/02116 


It may also be appropriate to administer further drugs that will have a positive 
effect on the particular indication involved via multi-fector treatmrat. For example, a 
plasma volume expander such as dextran or hydroxyeth>i starch, superoxide dismutase 
(**SOD*'), calcium blocking agents such as nifedipine, nimodipine, verapamil, lidoflazine, 
5 and flunarizine, diuretics, and antiedemics may also be administered. 

The method can be used to precondition organs before they are subjected to 
ischemia when various types of planned surgery are carried out. For preconditioning an 
organ that will be subjected to ischemia and rq)er&sion, the dose of inhibitor of iNOS 

1 0 induction may prefoably be in the range of from about 100 to about 300 mg./kg. body 
wdght. The dose of NO donor may preferably range from about 1 to 2 milligrams per 
kilogram of body weight. The dosage may deviate from this general range d^nding 
upon the particular drug and indication involved in each case. A more preferable dosage 
range for the inhibitor of iNOS induction is from about ISO to 300 mg./kg., while about 

15 300 mg./kg. body weight is especially preferred. About one mg./kg. body weight is an 
especially preferred dosage for the NO donor. 

A preferred dosage for an endopeptidase inhibitor, when administered to combat 
ischemia before a planned ischemic episode, is about 3 to 20 milligrams per kilogram of 
20 body weight. A more preferred dosage range is from about 6 to about 20 milligrams per 
kilogram of body wdght, and about 10 milligrams of endopeptidase inhibitor per 
kilogram of body weight is especially preferred. 

The amounts and ratios of active ingredients administ^ed in the method can, of 
25 course, vary, depending upon the particular application of the method. A particularly 
effective method of the present invention, especially usefiil for perfii^on of organs or 
skeletal tissue prior to ischemic insult, comprises administering to a subject N-acetyl- 
cystdne, sodium nitroprusside, and phosphoramidon in the amounts described above. 
Such administration can be simultaneous, sequential, or separate. 

30 
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The method can be performed in a number of different ways in accordance with 
the invention. Due to the nature of the active compounds, however, administration is 
often performed parenterally, e.g., by intraarterial, intravenous, subcutaneous, or 
intramuscular injection. The parenteral injection can be administered continuously or 
S intermittently in discreet injections. As a general rule, the drugs can be administered in 
the form of a sterile aqueous solution buffered to a physiologically acceptable pH. The 
solution can be prepared well in advance of the administration or, depending upon the 
actual compounds employed, in direct conjunction with or just before administration. 

10 If the method is eav^Xoytd as a prophylactic measure by administering the active 

compounds parenterally in discreet dosages prior to an ischemic episode there are 
certain timing protocols that have been developed to optimize the effectiveness of the 
method. The inhibitor of iNOS induction can preferably be administ^^, for example, 
preferably at about 1 to 8 hours, more preferably at about 1 to 4 hours, and most 

1 S preferably at about three hours, prior to an ischemic episode. It may also be particularly 
helpful to administer the inhibitor of iNOS induction in two or more doses, the last being 
closer to the onset of isch^nia, and particularly at about 30 minutes prior to ischemia. 
The inhibitor of iNOS induction may preferably be buffered to a physiologically 
acceptable pH which may be between about 7.4 and 7.45 and most preferably about 7.4. 

20 

The NO donor may similarly be administered before the onset of isch^a, and 
preferably at about 3 to 1 5 minutes before the onset of ischemia. In a particularly 
effective method, the NO donor is intravenously ityected to the subject about 5 minutes 
before the onset of ischemia. 

25 

An endopeptidase inhibitor can be administered in discreet doses before the 
onset of ischemia, preferably at about 30 to 90 minutes, and more preferably at about 60 
minutes prior to an ischemic episode. It may also be particularly hdpfiil to administer 
the endopeptidase inhibitor in two or more doses, the last being closer to the onset of 
30 ischemia, and particularly at about 30 minutes prior to ischemia. The endopeptidase 
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inhibitor may also be buffered to a physiologically acceptable pH which may optimally 
be about 7.4. 

Other modes of administration can include inhalation of an aerosol, 
S subcutaneous, and topical administration. Further administration methods can include 
oral administration, particularly when the active compounds are encapsulated, or rectal 
administration, particularly when the active compounds are in suppository form. 

The active components can be adnunistered along with a pharmaceutically 
10 acceptable carrier suitable for the selected mode of administration. A pharmaceutically 
acceptable carrier includes any material that does not cause significant undesirable 
biological eflFects or interact in a deleterious manner with any of the other components 
of the pharmaceutical composition. Various dosage forms can be employed. Actual 
methods of preparing such dosage forms are known or will be ^parent to those skilled 
15 in the art. (See , e.g.. Martin, E.W. Remington 's Pharmaceutical Sciences^ latest edition. 
Mack Publishing Co., Easton, PA) 

The method may also be used during the storage or preservation of harvested 
organs to be implanted. In particular, the method can be carried out by storing a 

20 harvested organ in the composition of the present invention. Although the method is 
optimally performed by unmersing the entire tissue or organ in the composition, it would 
also be effective by only inuner^ng part of the organ or tissue in the con^osition. 
Preferred preservation solutions such a commercially avmlable VIASPAN* (UW 
Presavation Solution) are modified by the addition of an inhibitor of iNOS induction 

25 (preferably 5-30 mmol/liter), and an endopeptidase inhibitor (preferably 5-50 

mmol/liter). Particularly preferred inhibitors of iNOS induction and endopeptidase 
inhibitors for storage solutions are, respectively, N-acetyl-cysteine and phosphoramidon. 
The method can also be carried out during the reperfiiaon of an organ or skeletal tissue 
that has been exposed to ischemic insult. 

30 
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While the method is particularly applicable to minimizing ischemic insult, it can 
generally be used to treat any condition associated with oxidative stress. Such 
conditions result from inflammatory diseases such as infectious septic shock, physical 
trauma, multiple sclerosis, stroke, down syndrome, parkinsonism, alzheimer's disease, x- 
5 adrenolentodystrophy, rheumatoid arthritis, HTV mediated dementia, lupus nephritis, 
and sickle cell anemia. 

The present invention is more particularly described in the following examples 
which are intended as iUustrative only because numerous modifications and variations 
10 therein will be apparent to those skilled in the art. 

Examples 

The following examples are put forth so as to provide those of ordinary skill in 
IS the art with a complete disclosure and description of how the methods claimed herein 
are performed and evaluated, and are intended to be purely exemplary of the invention 
and are not intended to limit the scope of what the inventor regards as his invention. 
Efforts have been made to ensure accuracy with respect to numbers (e.g., amounts, 
temperature, etc.) but some errors and deviations should be accounted for. 

20 

Protocol - Male Sprague-Dawly rats weighing 250-300 grams were anesthetized 
with sodium pentobarbital (50 mg per kg) injected intraperitoneally and then heparinized 
by injecting 0.25 milliliters of sodium heparin (lOOO units per milliliter) by cannulating 
the infmor vena cava through the left femoral vein with silicone rubber tubing. The 

25 abdomen of each rat was opened through a mid-line incision. The left kidney was 

mobilized with minimum trauma and ischemia was induced in the left kidney by applying 
a silicone tourniquet around the entire renal pedicle. The right renal vessels were 
completely occluded, removed and discarded. The left kidneys from animals sham 
operated by a mid-line incision vrithout the ischemia reperfusion protocol served as 

30 controls. 
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Example 1. Three groups of animals are represented: (1) control animals not 
subjected to ischraua; (2) animals that were treated with N-acetyl-cysteine (200 mg) 2 
hours prior to onset of isdiemia; and (3) animals that were not treated with N-acetyl- 
5 cysteine before the onset of ischemia. Ischemia was induced for 60 minutes. After the 
ischemia and reperfiision was completed the experimental animals and control animals 
were examined for kidney functions as determmed by levels of creatinine and BUN 
(markers of kidney functions), and lactate dehydrogenase and lipid peroxide (maikers of 
kidney tissue damage). The kidney tissues were also examined for antioxidant enzyme 
10 activity (catalase, CuZn SOD, Mn SOD and glutathione peroxidase) to measure their 
ability to detoxify ischemia/reperfusion-induced reactive oxygen species. A summary of 
the results obtained at 24 and 96 hours after reperftision is graphically illustrated in 
Figure 1. 

1 5 Example 2. 200 mg. of N-acetyl-cysteine was administered to a first group of 

animals at two hours and 30 minutes prior to ischania. A second group was not treated 
with N-acetyl-cysteine prior to ischemia. Ischemia was then induced in each group for 
75 minutes. Plasma creatinine and blood urea nitrogen levels were measured in each of 
the groups of animals periodically for 10 days following reperfiision of the organ. 

20 Results of the measurements are graphically sunmmrized in Figure 2. The survival rate 
of the animals tested in this set of experiments is summarized in Figure 3. 

Example 3. 200 mg. of N-acetyl-cysteihe, 5 mg. of phosphoranudon, and 2 mg. 
of sodium nitroprusside were administered to a first group of animals at two hours, 45 

25 minutes, and 15 minutes, respectively, prior to ischemia. A second group was treated 
with 200 mg. of N-acetyl-cysteine two hours prior to ischrania. A third group was 
treated with 200 mg. of N-acetyl-cysteine and 2 mg. of sodiimi nitroprusside at two 
hours and 15 minutes, respectively, prior to ischemia. A fourth group of animals was 
not treated with any drugs. Normothermia ischemia was induced in each of groups 1-4 

30 for 90 minutes. A fifth group of animals was not treated or exposed to ischenia. 
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Plasma creatinine and blood urea nitrogen levels were measured in each group of 
animals periodically for 14 days following reperfuaon as summarized in Figure 4. The 
survival rate of animals in this set of experiments is summarized in Figure 5. 


5 Discussion of Results 


As shown in Figure 1, N-acetyl-cysteine when given before isdiemia was able to 
protect the kidney against tissue damage as evidenced by the rdatively lower levels of 
creatinine and BUN and higher levels of enzyme activity of catalase CuZn SOD, Mn 

10 SOD and GPX in drug treated tissue as compared to non-treated tissue. N-acetyl- 
cysteine produced much better protection of the kidney as compared to imtreated 
animals. The levels of creatinine were almost similar to the controls. The activities of 
antioxidant enzymes catalase CuZn SOD, Mn SOD and GPX were similariy protected 
better with N-acetyl-cysteine than in kidneys from untreated animals. As shown in 

1 5 Figure 2, serum creatinine and urea nitrogen levels return to pr^ischemic levels whra 
treated with N-acet>d-cysteine. 

The survival rates can be partly attributed to the variations in urea nitrogen and 
serum creatinine levels that are shown in Figure 4. As shown in Figure 4, N-acetyl- 

20 cysteine, phosphoramidon and sodium nitroprusside, when administered before 

ischemia, were extremely eflfective returning the serum creatinine and BUN levels to 
normal in a short period of time. Indeed, 14 days after the ischemic episode, the senim 
creatinine and BUN levels in the kidneys of the treated animals were substantially 
normalized. In contrast, the serum creatinine and BUN levels of the untreated animals 

25 rose over the first few days after ischmiia to unacceptable levels that eventually led to 
death of all the animals. 


The reduced tissue damage in the N-acetyl-cysteine treated animals resulted in 
substantially improved survival rates for animals subjected to 75 minutes of ischemia, as 
30 demonstrated in Figure 3. N-acetyl-cysteine alone was not very efiFective, however, 
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after ischemic episodes of 90 minutes, as stiown in Figure 5, with less than a 30% 
survival rate. Sodium nitroprusside, when administered in conjunction with the N- 
acetyl-cjfsteine, substantially improved the survival rates of animals subjected to 90 
minutes of ischemia. When N-acetyl-cysteine, sodium nitroprusside and 
5 phosphoramidon were administered together, however, 100% of the ammals survived. 
(Fig 5) 


Throughout this application, various publications are referenced. The 
disclosures of these publications in their entireties are hereby incorporated by reference 
10 into this application in order to more fiilly describe the state of the art to which this 
invention pertains. 

Although the present process has been described with reference to specific 
details of cotain embodiments th^eof, it is not intended that such d^ails should be 
1 S regarded as limitations upon the scope of the invention except as and to the extent that 
they are included in the accompanying claims. 
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What is claimed is: 

1 . A method for minimizing ischemic insult or oxidative stress to an organ 
or skeletal tissue of a subject comprising contacting the organ or tissue 
with an inhibitor of iNOS induction and a nitric oxide donor, either 
sequentially, simultaneously, or separately. 

2. The method of claim 1 vdierein the inhibitor of iNOS induction is N- 
acetyl-cysteine. 

3. The method of claim 1 v^erein the inhibitor of iNOS induction is a 
compound capable of activating PKA activity. 

4. The method of claim 3 wherein the compound is lovastatin or mevastatin. 

5. The method of claim 1 wherein the nitric oxide donor is sodium 
nitropiusside. 

6. The method of claim 1 wherein the nitric oxide donor is N-nitroso-N- 
acetylpencillamine. 

7. The method of claim 1, further comprising the step of contacting the 
tissue with an endopeptidasc inhibitor, either sequentially, 
simultaneously, or separately with the inhibitor of iNOS induction and 
nitric oxide donor. 

8. The method of claim 7 wherein the endopeptidase inhibitor is an 
endothelin converting enzyme inhibitor. 
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9. The method of claim 8 wherein the endopeptidase inhibitor is phosphora- 
midon. 

10. The method of claim 7 wherein the inhibitor for iNOS induction is N- 
acetyl-cysteine, the nitric oxide donor is sodium nitroprusside, and the 
endopeptidase inhibitor is phosphoramidon. 

11. The method of claim 1 wherein, prior to an onset of ischemia, about 150 
to about 200 mg. p^ kg. body weight of inhibitor of iNOS induction is 
administered to the subject. 

12. The method of claim 1 1 wherein the inhibitor of iNOS induction is N- 
acetyl-cysteine. 

13. The method of daim 1 wherein, prior to an onset of ischemia, about 1 to 
about 2 mg./ kg. body weight nitric oxide donor is administered to the 
subject. 

14. The method of claim 13 wherein at from about three to about fifteen 
minutes prior to an onset of ischemia, about 1 to about 2 mg./kg. body 
wdght sodium nitroprusside is administered to the subject. 

15. The method of claim 7 wherein, from about 30 to about 90 nunutes prior 
to ischemia, about 3 to about 20 mg./kg. body weight endopeptidase 
inhibitor is administered to the subject. 

16. The method of claim 1 5 wherein the endopeptidase inhibitor is 
phosphoramidon. 
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1 7. The method of claim 7 wherein the organ or tissue is contacted with the 
nitric oxide donor, the inhibitor of iNOS induction and the endopeptidase 
inhibitor by at least partly immersing the organ or skeletal tissue in a 
composition comprising a nitric oxide donor, an inhibitor of iNOS 
induction, and an endopeptidase inhibitor. 

18. The method of claim 17 wherein the nitric oxide donor is sodium 
nitroprus^de, the inhibitor of iNOS induction is N-acetyl-cysteine, and 
the endopeptidase inhibitor is phoi^horamidon. 

19. The method of claim 10 wh^ein the organ or tissue is contacted with the 
N-acetyl-cysteine, sodium nitropmsside and phosphoramidon by 
intravenous administration to the subject. 

20. The method of Claim 1 9 wherdn the N-acetyl-cysteine and sodium nitro- 
pmsside are administered intravenously to the subject upon repaiiision 
of the organ or tissue. 

21 . A storage solution for explanted organs and dcdetal tissue comprising 
from about 5 to about 30 nmiol/liter of an inhibitor of iNOS induction, 
and from about 5 to about SO mmol/liter of an endopeptidase inhibitor. 

22. The solution of claim 21 wh^eiii the of inhibitor of iNOS induction and 
the endopeptidase inhibitor are, respectively, N-acetyl-cystdne and 
phosphoramidon. 

23. A method for mininumg ischmic insult or oxidative stress to an organ 
or skeletal tissue of a subject comprising contacting the organ or tissue 
with an inhibitor of iNOS induction and an endopeptidase inhibitor, either 
sequentially, simultaneously, or sq)arately. 
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The method of claim 23 wherein the inhibitor of iNOS induction is N- 
acetyl-cysteine. 

The method of claim 23 wherein the inhibitor of iNOS induction is a 
compound capable of activating PKA activity. 

The method of claim 25 wherein the compound is lovastatin or 
mevastatin. 

The method of claim 23 \)s4ierein the endopeptidase inhibitor is an 
endothelin converting enzyme inhibitor. 

The method of claim 23 wherein the endopeptidase inhibitor is 
phosphoramidon. 

The method of claim 23, fiirther comprising the step of contacting the 
tissue with a nitric oxide donor, either sequentially, amultaneously, or 
separately with mhibitor of iNOS induction and endopeptidase inhibitor. 

The method of claim 29 wherein the nitric oxide donor is sodium 
nitroprusside. 

The method of claim 23 wherein the nitric oxide donor is N-nitroso-N- 
acetylpmcillamine. 

The method of daim 23 wherein the organ or tissue is contacted with 
the inhibitor of iNOS induction and the endopeptidase inhibitor by at 
least partly immersing the organ or skeletal tissue in a composition 
comprising an inhibitor of iNOS induction and an endopeptidase 
inhibitor. 
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33 . The method of claim 32 wherein the inhibitor of iNOS induction is N- 
acetyl-cysteine, lovastatin, or mevastatin, and the endopeptidase inhibitor 
is phosphoramidon. 

34. The method of claim 1 wherein the oxidative stress results from an 
inflammatory disease. 

35. The method of claim 23 wherdn the oxidative stress results from 
inflammatory disease. 
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